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® Preparation of metallocene catalysts for polymerization of olefins. 

@ This invention uses a new method of producing ionic metallocene compounds. These compounds are useful 
as catalysts for polymenzation of olefins, primarily propylene. This method uses an ionizing agent which ionizes 
the neutral metallocene compound. The ionizing ionic compound does not contain an active proton and contains 
a carbonium. oxonium or sulfonium cation. The anion of the ionizing ionic compound .s not coordinated or is 
only loosely coordinated to the metallocene cation and is chemically unreactive with the metallocene cation One 
such compound is tnphenylcarbenium tetrakis(pentafluorophenyl)boronate. 

The process of making catalysts with this invention produces catalysts having high activity and does not 
produce by-products which can inhibit catalyst activity. This new synthesis .s a clean reaction which does not 
produce a Lewis base. The process generates active catalysts by removing a methyl anion from a group IV 
metallocene derivative. 
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PREPARATION OF METALLOCENE CATALYSTS FOR POLYMERIZATION OF OLEFINS 
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SPECIFICATION 



BACKGROUND OF THE INVENTION 



70 FIELD OF THE INVENTION; 

Thrs invention relates, in general, to a process for preparing catalysts and. specifically to a process for 
preparing catalysts for potynnerization of olefins. 



DESCRIPTION OF RELATED ART: 
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Olefins, especially propylene, may be polymerized to form potyolefms in various forms: tsotactic. 
syndiotactic and atactic. Isotactic polypropylene contains pnncipally repeating units with identical configura- 
tions and only a few erratic, brief inversions in the chain. Isotactic polypropylene may be structurallv 
represented as 
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Isotactic polypropylene is capable of being a highly crystalline polymer with a high melting point and 
other desirable physical properties that are considerably different from the polymer in an amorphous 
.^^ (noncrystalline) state. 

A syndiotactic polymer contains principally units of exactly alternating stereoisomers and is represented 
by the structure: 
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A polymer chain showing no regular order of repeating unit configurations is an atactic polymer. In 
commercial applications, a certain percentage of atactic polymer is typically produced wtth the isotactic 
form. 

Polymerization of olefins is primanly with Zeigler-Natta catalysts. One family of Zeigler-Natta catalysts 
IS Group IV metallocene compounds with methylaluminoxane as a cocatalyst. It has been demonstrated that 
Zeigler-Natta catalysts for olefin polymerization can be formed by combining a group IV metallocene with 
an ionic compound. 
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Cp*2M R + [C][A3 -> Cp*2+M-R[A]- + L[C] 

L 

,0 Cp* - pentamethylcyclopentadienyl 
M - Group IV metal 
R - alkyl 
L - ligand 
[C] - cation 
[A] - anion 

The resulting compound is a metallocene cation which acts as a catalyst. The cation [C] of the ionic 
compound reacts with the metallocene to generate an ion pair. The anion. [A], is not coordinated or is only 
loosely coordinated with the cationic metallocene. 

The following methods have been used to produce the above reaction: 

One-Electron Oxidation - This method is illustrated in "Ethylene Polymerization by a Cationic 
D,cyclopentad,enyl2irconium(IV) Alkyl Complex", R.F. Jordan. C.S.Bajgur. R. Willett. B. Scott J Am Chem 
boc p. 7410-741 1. Vol. 108 (1986). These early examples used a Lewis base to make the metal cation less 
eiectrophihc and (BPh4]- was the anion where Ph is CsHs. The reaction occurred in a coordinatinq solvent 
These catalysts were usually of low activity. 

Protonation - This method is illustrated by "Synthesis and Insertion Reactions of Cationic Alkylbis- 
cyclopentadienyDtitanium Complexes", M. Bochmann, L.IVl.Wllson. J. Chem. Soc. Commun.. p 1610-1611 
^"'y"''^<'=y'"°P®"^^'^'«"y')^'tanium Complexes", M. Bochmann. L. Wilson. Organometallics,' 
p. *;556-2563. Vol. 6. <1987); Insertion Reactions of Nitrites in Cationic Alkylbis(cyclopentadienyl)titanium 
complexes. M. Bochmann, L. Wilson, Organometallics. p. 1 147-1 154. Vol. 7 (1987). 

European Patent Application 0-277-003 relates to work by Turner on a catalyst prepared by a 
protonation method. A bis(cyclopentadienyl) metal compound is combined with a compound having a cation 
capable of donating a proton and an anion having a plurality of boron atoms. For example, the followinq 
reaction illustrates the invention: 

bis(cyclopentadienyl)hafnium dimethyl + N.N-dimethylanilinium bis(7,8-dicarbaundecaborato) cobaltate(lll) 
-> [CpzHfMe](B] + CH* + N,N-dimethylaniline 
where [B] is 7.8-dicarbaundecaborane. 

European Patent Application 0-277-004 also relates to work by Turner on a catalyst prepared by a 
protonation method. A bis(cyclopentadienyl) metal compound is combined with an ionic compound having a 
cation which will irreversibly react with a ligand on the metal compound and an anion having a plurality of 
lipophilic radicals around a metal or metalloid ion. For example, the following reaction illustrates the 
invention: 

tri(n-butyl)ammonium tetra(pentafluorophenyl)boron + bis(cyclopentadienyl)zirconium dimethyl -> 
[Cp2ZrMe][BPh.] + CH« + tri(n-butyl)N 
50 ,. ^ '^y"P''°^"ct of the protonation reaction is a Lewis base (amine) some of which can coordinate to the 
cations and thus inhibit catalyst activity. Starting materials must be chosen carefully to avoid generating 
particular amines which are catalyst poisons. In addition, the catalyst and the polymer prcduced with this 
catalyst contains undesirable and toxic residual amines. 

Ligand abstraction - The ligand abstraction method is illustrated in "Multiple Metal-Carbon Bonds". R. 
R. Schrock, P. R. Sharp, J. Am. Chem. Soc. p.2389-2399. Vol. 100, No, 8 (April, 2. 1978). 

In most known processes, methylaluminoxane (MAO) is added with the metallocene compound to act 
as a cocatalyst. The function of MAO is to initiate the alkylation and promote ionization of the metallocene 
compound. The cocatalyst is a scavenging agent which reduces the poisons which decrease catalyst 
activity. Present known processes require a large excess of MAO to be added. MAO has the disadvantage 
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of being relatively expensive. This results in high costs for the catalyst system. 

SUMMARY OF THE INVENTION 

5 

Accordingly. ,t is an object of this invention to provide a process for making an improved catalv^t fnr 
polymerization of olefins. • 

And. It is an object of this invention to provide a process for making a catalyst with relatively hinh 
w activity. ^ y ' "y'< 

product^ "^^^^^^ invention to synthesize metallocene cations with no Lewis base as 5 side 

Further, it .s an object of this invention to eliminate the necessity to chose starting matenals to control 

the by-products which may be produced as catalyst poisons. 
^5 Additionally, it is an object of this invention to eliminate methylaluminoxane (MAO) as a cocataivst in 

polymerization of polypropylene. 

Moreover, it is an object of this invention to produce polymers which are free of aluminum oxide 

As well, It is an object of this invention to produce a polymer which is free of undesirable and toxic 

amines . 

20 These and other objects are accomplished by mixing an lonizmg agent, such as tnphenylcarbenium 

ietrak(s(pentafluorophenyi)boronate. with denvatives of metailocenes and adding the mixture to an olefin. 

DESCRIPTION OF THE INVENTION 

25 

The invention is for a process of producing a catalyst for polymenzation of olefins by ionizing a 
metaflocene with an lomzmg agent which does not contain an active proton and which has an anion which is 
not coordinated or is only loosely coordinated to the cation of the metallocene. The anion .s also chem.callv 
30 unreactive with the cation. 

In the new synthesis procedure the ionizing ionic compound is mixed with neutral denvatives of 
metailocenes producing the following reaction: 
Cp2MRp + [C'][A"]-> [Cp2MR^,] + [Ar + RtC"] 

where Cp is a cyclopentadienyl or a substituted cyctopentadienyl group, each Cp being the same or 
d.fterent. M is a Group III. IV. V or VI metal. R is a hydride, a halogen, an amide or a hydrocarbyl radical 
each R being the same or different, except that if R is a hydr.de only one R is a hydnde. p is from 1 to 4 
O is a carbonium. oxon.um or sulfonium cation and A* is an anion which is not coordinated or is only 
loosely coordinated to the cation of the metallocene and Is chemically unreactive with [CpsMRp.,]. 

Each reactant is placed in a solvent which is not coordinated or is only loosely coordinated with the 
metallocene cation. Examples of such solvents are toluene and methylene chlonde. The preferred solvent is 
oluene. The two reactants are dissolved separately m the same solvent and are mixed together at room 
temperature at a mole ratio ranging from 10 moles of metallocene : 1 mole of ionizing compound to 1 mole 
ot metallocene : 10 moles of ionizing compound. A preferred mole ratio is from 2 moles of metallocene ■ 1 
mo e of ionizing compound to 1 mole of metallocene : 2 moles of ionizing compound. The most preferred 
nno e ratio is 1 mole of metallocene : 1 mole of ionizing compound. After mixing, the mixture is added to an 
Olefin under conditions to effect polymenzation. The preferred olefins are ethylene and propylene the most 
preferred being propylene. 

An tonic compound containing a carbonium. oxonium or sulfonium ion, such as tnphenylcarbenium 
etrakis(pentafluorophenyl)boronate. is mixed with a neutral derivative of a metallocene. Tnphenylcarbenium 
etrakis(pentafluorophenyl)boronate acts an ionizing agent which ionizes the metallocene A cationic metal- 
locene catalyst is formed. 

Tnphenylcarbenium tetrakis(pentafluorophenyl)boronate [Ph3C][BPh\] is produced by the followinq 
reaction: ^ ^ 

Ph^CCI + LiBPh\ -> [Ph3Cl[BPh\] + LiCl 
55 where Ph ,s phenyl and Ph' is pentafluorophenyl. Triphenylcarbenium ,s a cation Tetrak.s- 
(pentafluorophenyl) boronate is an anion. 

Tnphenylcarbenium tetrakis(pentafluorophenyl)boronate was produced with the following laboratory 
method. A bright yellow solution of 27.1 mmoles of Ph3CCl in 150 cc of methylene chlonde was added 
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dropwise at 25°C to 25 gm of LiB(C6F5)* slurried in 350 cc of methylene chloride. The orange slurry was 
stirred for 30 minutes and then filtered. The solids containing [Ph3C][BPh\] and LiCI were washed with 
methylene chloride. The combined wash and filtrate was concentrated to 75 cc and then cannulated into 
400 cc of pentane with rapid stirring. The solids were washed several times with pentane and small 
5 amounts of toluene until a bright yellow powder of [Ph3C][BPh"4] was obtained. The yield was 20 arams 
(75%). - ^ 

The neutral denvative of a metallocene is of th? general formula: 
Cp2MRp 

wherein Cp is a cyclopentadienyl or a substituted cyclopentadienyl group, each Cp being the same or 
10 different, fvl is a Group III.IV, V or VI metal, preferably a Group IV metal, such as titanium, hafnium or 
zirconium, most preferably zirconium for higher catalyst activity and hafnium for higher molecular weight, R 
is a hydride, a halogen, an amide or a hydrocarbyl radical such as an akiyi, aryl. alkenyl. akiyaryl or 
arylaklyl radical having from 1 to 20 carbon atoms, each R being the same or different, except that if R is a 
hydride only one R is a hydride and p is from 1 to 4. The preferred neutral derivatives of metallocene are 
15 ethylene bis(tetrahydroindenyl)zirconium dimethyl. ethylenebis(indenyl)zirconium dimethyl and 
isopropylidene(cyclopentadienyl-l-fluorenyl)zirconium dimethyl. The most preferred neutral derivative of 
metallocene is ethylene bis(indenyl)zirconium dimethyl. 

Polymerization of the olefin is accomplished by any of the known means for polymerization of olefins 
with metallocene catalysts, for example polymerization in bulk, slurry or gas phase. For polypropylene, 
20 polymerization temperatures range from -80°C to 150°C, preferably 25''C to 90°C and most preferably from' 
50°C to 80°C. 

The invention having been generally described, the following examples are given as particular 
embodiments of the invention and to demonstrate the practice and advantages thereof. It is understood that 
the examples are given by way of illustration and are not intended to limit the specification or the claims to 
25 follow in any manner. 



EXAfVlPLE I 
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55 mg of triphenylcarbenium tetrakis{pentafluorophenyl) boronate was dissolved in 5 cc of toluene. 40 
mg of Et(lndH4)2ZrMe2 was dissolved in 5 cc of toluene. The two solutions were mixed together for 5 
minutes at room temperature, giving a clear yellow solution. 

The mixture was added by syringe to a 2 liter Zipperclave reactor. 1 .0 liter of propylene was added to 
35 the reactor. Reactor temperature was set to 70°C. The contents of the reactor were agitated. The 
temperature remained at 70°C during the sixty minute polymerization period after which propylene was 
vented from the reactor. The contents of the reactor were washed with acetone and dried in a vacuum oven. 

The polymer was analyzed for melting point. The melting point was derived from differential scanning 
calorimetry (DSC). The results are shown in Table I. 
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EXAMPLE II 



45 The procedure of Example I was repeated using 40 mg of tript:!enylcarbenium tetrakis- 

(pentafluorophenyOboronate and 20 mg of Et(lndH4)2ZrMe2. The results are shown in Table I. 



EXAMPLE 



The procedure of Example I was repeated using 30 mg of triphenylcarbenium tetrakis- 
(pentafluoropheny!)boronate and 15 mg of Et(lndH4)22rMe2 . The reactor temperature was set at 80°C and 
the temperature remained at 80°C. The results are shown m Table I. 



EXAMPLE IV 
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fn^nlTff P'"^®"^'® °' E^^a^iPle I was repeated using 60 mg of triphenylcarben.um tetraki. 
pentatluoropheny.)boronate and 60 mg of Et(lndHOZrMe. . Reactor terr^perature was set at 50°C andle 
temperature remamed at lOOX. Run t,me was 10 minutes. The results are shown m Table I. 



EXAMPLE V 



,n J^ff ^'"'''^ °' Example I was repeated using 55 mg ' of triphenylcarbemum tetrakis 

nTea ed°7o' 67c'rf '° °' Et(lndH.)ZrMe.. Reactor temperature ^as set a. 50»C a' . 

increased to 168 C. Run time was 10 minutes. The results are shown in Table I. 
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EXAMPLE VI 



rn«nL,f °' Example I was repeated using 100 mg of triphenylcarben.um tetrakis- 

pentaflucrophenyDboronate and 60 mg of Et(lnd).ZrMe„ Reactor temperature was set at 50°C and he 
temperature remained at 50°C. The results are shown in Table L 



EXAMPLE VII 

(Den[rfLronh!nT.K °' ^'"""^'^ ' ''P^^'®'' "''"^ °' tr.phenylcarben.um tetrak.s- 

(pentafluorophenyl)boronate and 60 mg of Et(Ind)2ZrMe,. The temperature was set at 50=C and rema.ned at 
bO O. The results are shown m Table I 



EXAMPLE VIII 



DentafU-ornoh! ^ repeated using 120 mg of triphenylcarben.um tetrakis- 

pentafluorophenyDboronate and 80 mg of iPr(Cp-1-Flu)ZrMe2. Reactor temperature was set at 7G°C and 
35 the temperature mcreased above lOO'C. The results are shown m Table I 



EXAMPLE IX 



,n.n!^?^ procedure of Example I was repeated using 100 mg of triphenylcarben.um tetrakis- 
pentafluorophenyDboronate and 60 mg of .Pr(Cp-1-Flu)ZrMe.. Reactor temperature was set at 70°C and 
tnc temperature increased to 78°C. The results are shown in Table I 



EXAMPLE X 
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(npnlTfh^'^T^'^'''! °' Example I was repeated using 60 mg of tnphenylcarbemum tetrakis- 
(pentatluorophenyl)boronate and 40 mg of iPr(Cp-1-Flu)ZrMe2. Reactor temperature was set at 70X The 
results are shown in Table I. 

^The followrng results are fronn the experinnental runs descnbed above using the method of the present 



invention. 
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TABLE I 



riUlN ff 


OATALYST, + mg 


IONIZING 


TIME, 






AGENT. + + mg 


min. 










i 

1 


40 


55 


60 


2 


20 


40 


60 


3 


15 


30 


80 


4 


50 


60 


10 


5 


50 


55 


10 




Et(lnd)2ZrMe2 


[Ph3C][BPhM 




6 


60 


100 


60 


7 


60 


100 


30 




iPr(Cp-1-Flu)ZrMe2 


[PhaCJtBPhM 




8 


80 


120 


5 


9 


60 


100 


60 


10 


40 


60 


60 



+ Et(lndH*)2ZrMe2 = 

Ethylenebis(tetrahydroindenyl)2irconiunn dimethyl 

Et(lnd)2ZrMe2 = Ethylenebis{indenyl)2irconium 
dimethyl 

iPr(Cp-1-Flu)ZrMe2 = isopropylidene 
(cyclopentadienyl-1-fluorenyl)2irconium dimethyl 
+ +[Ph3C][BPh'i] = triphenylcarbenium 
tetrakis(pentafluorophenyl)boronate. 
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RUN # 


TEMP. 


YIELD, 


Melting 






gm 


Temp °C 


1 


70 


9 


138 


2 


50 


55 


138 


3 


80 


45 


131 


4 


50* 


74 


134 


5 


50- 


135 




6 


50 


19 


137 


7 


50 


11 


134 


8 


70- 


224 


115 


9 


70- 


51 




10 


70- 


186 


1 19 



■Runaway reaction; peak reaction temperature >100°C 
"Exotherm; peak reaction temperature 78°C 
"Exotherm 
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The process described by this invention synthesizes cations which are used as catalysts in olefin 
polymenzation. The process of making catalysts with this invention produces catalysts having high activity 
and does not produce by-products which can inhibit catalyst activity. This new synthesis is a clean reaction 
which does not produce a Lewis base. The process generates active catalysts by removing a methyl anion 
from a group IV metallocene derivative. 

Obviously, numerous modifications and variations of the present invention are possible in light of the 
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ma7biTac'i;cp;i^H '° understood that wUhm the scope of the appended claims, the .nven„on 

may be practiced otherwise than as specifically described herein. 

Claims 

1 A process for making a catalyst comprising: 

a)mixing an lonizmg lonic compound with a neutral cTerivative of a metallocene- and 

fh.1 T^^^' ^^'""^^^ '^^ compound and the neutral denvative of a metallocene such 

ma he metallocene .s lomzed by the ionizing lonic compound and an ion pair is formed in which the 
metallocene cation acts as a catalyst: . 

wherein the neutral denvative of a metallocene is of the general formula 
Cp2MRp 

d,»rrpnr m"* " V^y='°P^"'2d'e"y' or a substituted cyclopentadienyl group, each Cp being the same or ' 

each R h. "'• °' " ^ ^ ^"^'^^ °^ ^ hydrocarbyl radical 

each R being the same or different, except only one R is a hydride and p is from 1 to 4- 

.Mf'l^^^ '""'^'"^ compound does not contain an active proton and contains a carbonium. oxonium 

or suironium caticn; and 

wherein the anion of the lonizmg ionic compound is not coordinated or is only loosely coordinated to the 
metallocene cation and is chemically unreactive with the metallocene cation. 

2^ A process as recited in Claim 1 wherein, before mixing, the ionizmg lonic compound ,s dissolved in a 
solvent which is not coordinated or is only loosely coordinated with the metallocene cation 

trZ T,''^ ^'^'"^ ^ y^here^n. before mixmg the neutral denvative of a metallocene is 

separately dissolved in the same solvent. 

4. A process as recited in Claim 3 wherein the mole ratio of the neutral derivative of a metallocene to the 
|onic compound ranges from 10 moles of metallocene : 1 mole of ionizing compound to 1 mole of 
metallocene : 10 moles of ionizing compound. 

5. A process as recited in Claim 4 wherein the mole ratio of the neutral derivative of a metallocene to the 
lonic compound ranges from 2 moles of metallocene : 1 mole of ionizing compound to 1 mole of 
metallocene : 2 moles of ionizing compound. 

6. A process as recited in Claim 5 wherein the mole ratio of the neutral denvative of a metallocene to the 
|onic compound ranges is 1 mole of metallocene : 1 mole of ionizing compound. 

7. A process as recited m Claim 4 wherein the metal is a Group IV metal chosen from the group consisting 
of titanium, zirconium and hafnium. a ^' y 

8. A process as recited in Claim 7 wherein the metal is hafnium. 

9. A process as recited in Claim 7 wherein the metal is zirconium. 

10 A process as recited in Claim 9 wherein R is a hydrocarbyl radical chosen from the group consisting of 
an akiyi radical, an aryl radical, an alkenyl radical, an alkylaryl radical and an arylakyi radical having from 1 
to du carbon atoms. 

11 A process as recited m Claim 10 wherein the neutral denvative of a metallocene is chosen from the 
group consisting of ethylene b.s(tetrahydro.ndenyl)zirconium dimethyl, ethylene b.s(indenyl)2irconium 
aimetnyl and isopropylidene (cycfopentadienyl-l-fluorenyDzirconium dimethyl. 

12. A process as recited in Claim 11 wherein the neutral denvative of a metallocene is ethylenebis(indenvl) 
zirconium dimethyl. ^ 

fLr.L^^''^^^^^ '^""^^"^ ^'^'^ ^2 therein the ionic compound is tnphenylcarbenium tetrakis- 
(pentaftuorophenyl) boronate. 

14. A process as recited in Claim 13 wherein the solvent is toluene. 

15. A process for potymenzation of an olefin compnsing: 

a) mixing an ionizing ,onic compound with a neutral derivative of a metallocene; 

b) allow.ng contact between the ionizing ionic compound and the neutral derivative of a metallocene such 
ma he metallocene is ionized by the ionizing lomc compound and an ion pair is formed in which the 
metallocene cation acts as a catalyst; and 

c) contacting the catalyst with the olefin under conditions to effect polymerization- 
wherein the neutral denvative of a metallocene is of the general formula- 

55 Cp2MRp ^ 

Tfi^JT. " V''^''"'^^''^^'^'^''^' ^ substituted cyclopentadienyl group, each Cp being the same or 
ol?K R K " ^ "'• ^ ^' ^ ^ ^y^^'^^' ^ ^^'^9en. an amide or a hydrocarbyl radical 

eacn h Demg the same or different, except only one R is a hydnde and p is from 1 to 4 
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wherein the ionizing ionic compound does not contain an active proton and contains a carbonium oxonium 
or sulfonium cation: and 

wherein the anion of the ionizing ionic compound is not coordinated or is only loosely coordinated to the 
metallocene cation and is chemically unreactive with the metallocene cation. 

16. A process as recited in Claim 15 wherein, before mixing, the ionic compound is dissolved in a solvent 
which IS not coordinated or is only loosely coordinated with the metallocene cation. 

17. A process as recited in Claim 16 wherein, before mixing, the neutral derivative of a metallocene is 
dissolved in the same solvent. 

18. A process as recited in Claim 17 wherein the mole ratio of the neutral derivative of a metallocene to the 
ionic compound ranges from 10 moles of metallocene : 1 mole of ionizing compound to 1 "mole of 
metallocene : 10 moles of ionizing compound. 

19. A process as recited in Claim 18 wherein the mole ratio of the neutral derivative of a metallocene to the 
ionic compound ranges from 2 moles of metallocene : 1 mole of ionizing compound to 1 mole of 
metallocene : 2 moles of ionizing compound. 

;5 20. A process as recited in Claim 19 wherein the mole ratio of the neutral derivative of a metallocene to the 
ionic compound ranges is 1 mole of metallocene : 1 mole of ionizing compound. 

21. A process as recited in Claim 18 wherein the metal is a Group IV metal chosen from the group 
consisting of titanium, zirconium and hafnium. 

22. A process as recited in Claim 21 wherein the metal is hafnium. 
20 23. A process as recited in Claim 21 wherein the metal Is zirconium. 

24. A process as recited in Claim 23 wherein R is a hydrocarbyl chosen from the group consisting of an 
akiyi radical, an aryl radical, an alkenyl radical, an alkylaryl radical and an arylakyi radical having from 1 to 
20 carbon atoms. 

25. A process as recited in CJaim 24 wherein the neutral derrvative of a metallocene is chosen from the 
25 group consisting of ethylene bis(tetrahydroindenyi)zirconium dimethyl, ethylene bis(indenyl)zirconium 

dimethyl and isopropylidene (cyclopentadienyl-1-f!uorenyl)zirconium dimethyl. 

26. A process as recited in Claim 25 wherein the neutral derivative of a metallocene is ethylene bis- 
(indenyl)zirconium dimethyl. 

27. A process as recited in Claim 26 wherein the ionic compound is triphenylcarbenium tetrakis- 
30 (pentafluorophenyl) boronate, 

28. A process as recited in Claim 27 wherein the solvent is toluene. 

29. A process as recited in Claim 28 beginning at a reaction temperature which ranges from" -80°C to 
150°C- 
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30. A process as recited in Claim 29 beginning at a reaction temperature which ranges from 25°C to 90°C. 

31. A process as recited in Claim 30 beginning at a reaction temperature which ranges from 50°C to 80°C. 
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® Preparation of metallocene catalysts for polymerization of olefins. 



® This Invention uses a new method of producing 
ionic nnetallocene compounds. These compounds 
are useful as catalysts for polymerization of olefins, 
primarily propylene. This method uses an ionizing 
agent which ionizes the neutral metallocene com- 
pound. The ionizing ionic compound does not con- 
tain an active proton and contains a carbonium, 
oxonium or sulfonium cation. The anion of the ioniz- 
ing ionic compound is not coordinated or is only 
loosely coordinated to the metallocene cation and is 
chemically unreactive with the metallocene cation. 
One such compound is triphenylcarbenium tetrakis- 
{pentafluorophenyl)boronate. 
^ The process of making catalysts with this inven- 

^ tion produces catalysts having high activity and does 
^ not produce by-products which can inhibit catalyst 
^ activity. This new synthesis is a clean reaction which 
CO does not produce a Lewis base. The process gen- 
^ erates active catalysts by removing a methyl anion 
from a group IV metallocene derivative. 
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